Calculability of the Semantics of English Nominal Compounds: Combining General Linguistic Rules and Corpus-based Semantic Information by Fabre, Cécile & Sébillot, Pascale
Calculability of the Semantics of English Nominal
Compounds: Combining General Linguistic Rules and
Corpus-based Semantic Information
Ce´cile Fabre, Pascale Se´billot
To cite this version:
Ce´cile Fabre, Pascale Se´billot. Calculability of the Semantics of English Nominal Compounds:
Combining General Linguistic Rules and Corpus-based Semantic Information. [Research Re-
port] RR-2742, INRIA. 1995. <inria-00073951>
HAL Id: inria-00073951
https://hal.inria.fr/inria-00073951
Submitted on 24 May 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destine´e au de´poˆt et a` la diffusion de documents
scientifiques de niveau recherche, publie´s ou non,
e´manant des e´tablissements d’enseignement et de









appor t  

de  r ech er ch e 
INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE
Calculability of the Semantics of English
Nominal Compounds:
Combining General Linguistic Rules and
Corpus-based Semantic Information






  ﬀﬁﬃﬂ  !#"$%&'("!
) (ﬂ *+  ﬂ ,- .	/."10
 (ﬂ .' 23ﬃ*546879'(.":!<; .
=">./









































Unite´ de recherche INRIA Rennes
IRISA, Campus universitaire de Beaulieu, 35042 RENNES Cedex (France)








=ﬂ ﬁ¯ /ﬃ" 1(ﬂ ,-("

ﬃ"











































4 Ä¨wÂ¡65,À²¢²oxbftsodirhirnOo:f¤Modc]h fodt& ¤Mi1O¤(qªfneFfe]i#n¨fod¤Mbdirq|Ov¦c]h(AcF}ﬂi}Enc]htunAf¤±W|
tunpodirbxbi
ofoxtucYn²f¤odcYhﬁfoxt3 F¤iF|pf]v7 ¤t¬}©tsodtucYn¯ﬃ tsnOc]bxhﬁfoxtuc]n¨}6}©¤Mb#vwcYbd¤¨}
 		























































































































































































































b }#oxirbdh(tsnc]qsc]eY~ f Êf¤W_k!^@fﬁOir¸Firbx«Afqhﬁfr~¯bdiwirb
odc5oxi1f]vrv¦c]h(qstª}Rh(i¦nOo{c]bodiUbdi}R¤quo:c{odiMbdcpvwi}x}Ebdiwirbxbdi5odc#«p~ﬃoxi¸Firbx«
a×i® e®ZﬀAO>$4L;< S/cEc]btso!h f~³cpvrvw¤p~odMibxc]qui1fY}d}Rtue]nMiodc³c]ni1c@oxifbdeY¤h(irnpo}
c³oxiﬁ¸Firbd«8fn¨ odp¤A}bxiwirboxc	cYni²cﬃoxi¯f]vwoxc]bg}c5oxi²Mbdcpvwi}x}afeYirnOo
|



















irogv]®*c3^ UAO<ﬀH ZﬀAO>$4L;< S MbdiOt¬vrfoxi	^ ZgA>$4$9 a×hifnA}8^ UAO<ﬀH cg®
ºJirn8odi¯Oi




feYirnpodtu¸Fibdc]qsi	^ ZﬀAO>$4;W< S%Z>CN8S	>CAO: bxiOt¬vrfoxi	^ ZﬀAO>$4$9_aQfe]irnpo^ Z>8NCSG>CA: c®
Pc]bfOirogftuqsiﬁf]vrv¦c]¤npoc:odi}©i5bdtsnAvwtsqui}¦|}Riri%f "ir«A]jk|ﬀf "Firq"jY1k|ﬀf ÇWtsi_j]j_kQ®
MEﬀ"
 		
ﬀﬂﬁﬃ	 !"$#%&'()*#$+	ﬁﬃ", 	ﬁ.-/	 ,01# 
e





























}©irh fnpodtªvfbdeY¤h(irnpo}Àaªc]qsquc·tune }©¤Me]e]i}©odtsc]nA}hﬁf]Oiﬁtsn Afbdodt¬vw¤q¬fb«p~
f1bdt¬O8kJc®=Pc]b#i




yAb}RovwcYnA}©oxtuox¤irnpo!c:fvwc]h­cY¤nAc@oxic]bxh Z; Q|f]}6tun 4ﬂ9A³4;!BR<U984X4
Z;   bdiOtªvrfodi	^U9A !a×tsnA}©oxbd¤hirnOoO^1Z;  |odi
h(i	^	4$9A_4L;!B <U9ﬂ4X4ﬂcg®
´6tª}hﬁfr~fqª}Rc#«Ai6oxivrfY}©iU­oxc]¤Me]ﬃfb@qui}d}Wbdi	 F¤irnpodqs~A·irnoxibdcYqui
nc]htunAfqEtª}5odiquiwo³vwcYnA}©oxtuox¤irnpo¹c1odi vwc]h(AcY¤nAU^K1;  ;MA>OH7LARK M9 





nc]¤MnA}(hﬁfr~¶«Ai«Ac]¤MnA oxc-¸Firbd«AfqMbdiOt¬vrfoxi}oxbdcY¤e] c]oxirb¯}©irh fn
odt¬v¹fY}d}RcpvwtªfodtucYnA}w|{·tuod¯bdi}RAivwoodc Ot{irbxirnOo1}RirhﬁfnOoxtªv#Otsh(irnA}RtucYnA}w®/P¨cYb

































































ﬀﬂﬁﬃ	 !"$#%&'()*#$+	ﬁﬃ", 	ﬁ.-/	 ,01# 
  






























































































































Pc]bir±fh(qsiF|WodMiB·Uc]bg B8N:[ZEF/79$>³tª}ﬃoR~OAi-fY}JI 6&8LK@3C0 .8fnAt¬}ﬃqutunM¼Fi	odcoxi
}©¤Airbxc]bgOtunAfodi}8^I 6&8LK@3C0 .  M&.;? 3C8.  3C0&: 1NLOI.+021=6 A 3415  6P(1 3<Q<6&8+1 
B
 LR
.+891  .+021341 5U®A»f]v}©i
hﬁfnpodt¬ve]bxc]¤¯tun²º.c]bgÆirot¬}piwyAni(«p~ﬁfoxir±Oox¤Afq




tª}Ufqª}Rcc]bxeFfnMtuµrif]vrvwcYbOtsneﬃoxcf5h(irbdcYnO~ph~¹bxirqªfodtsc]n a×tQ® iF® ZgA>7JNO?WbxirqªfodtucYnUcE·Mtªv
hﬁfr~5«­i1¸Firbx~ﬃ¤A}Riw¤qA}RtunAvwitsoEtª}EcYnic¾odi}©ogfnAfb(}RirhﬁfnOoxtªvEbdirq¬foxtuc]n¨}½oxAfocpvrv¦¤b








ﬀﬂﬁﬃ	 !"$#%&'()*#$+	ﬁﬃ", 	ﬁ.-/	 ,01# ]




tª}Equtsn¼Fi5odc#oR·6c5bxiOt¬vrfoxi}C^U9A !a×tsnA}©oxbd¤hirnOoO^CZ; Jc{c]b:AGH 9VNO?La×bdi}©¤qso^1Z; Mc®6"FtunAv¦i
Z; OyAqsqª}odi1}R¤«RivwoEbxc]qsicoxi¸Firbx« U9A Q|]tso}¥cY«RivwofbdeY¤h(irnpo¥t¬}¥qui¦oE¤nA}xfodt¬}ÐyAiW®
mQn(odik}©ivwcYnA(vrfY}©iF|Ftso6tª}odi}©cY¤bv¦i5fbxe]¤h(i
nOoc@oxi#¸Firbx«[: A	H 9N?oxAfoUbdirhﬁftunA}
¤nOyAqsqui{®mQnfﬁvwcYh(Ac]¤nAc odic]bxhDÆÂZ; Q|Aodi}©i­c}©tsodtucYnA}¹h f~ﬁ«Aicpvrvw¤tsi
«O~¯odihcpOtzyAi
br|Abdc¸ptªOi²tsohiriro}1}©cYh(i}RirhﬁfnOoxtªvﬃv¦c]nA}Rodbftunpo}¦®´6ifbxe]¤hirnOo
codi¸Firbd«A}5hﬁfr~tunApiri	«AiﬁoR~OAifY}¹c]qsquc·1}C^ U9Aa×oxirh(i	^ 7691NK B A(B.&5Åc fnA
:A	HR9ÁN?La}©cY¤bvwiG^@:EO
 














f«Ac¸Fi¹cYbA<=7J; /;"4C7LA:À;W<U9Z; fn¨4ﬂ9OA_4;B R<U984@4ÅZ; Q®
 /   ';' ﬀ -	-  +&	 
	  ﬂ ﬀ 





e]nMi	odcoxiirnOoxtuoR~²·Mtªv	oxi(ncY¤nbdi¦irb}#odc aiF® eM® Z; Af]}ﬃoxcOc¯·tuox-f






























































·6cYb¶·tsodtsn8f q¬fbdeYirbOc]hﬁftunSV	c|&1@.+A 3C8 aTxtuog}¤MbdAcF}Rifn¨ ¤nAv¦odtucYnSV cg|-6-.+0 Z























ﬀﬂﬁﬃ	 !"$#%&'()*#$+	ﬁﬃ", 	ﬁ.-/	 ,01# rj
 
























bd«Afqª}6fbdi#h ftunMqu~ W;<RSA| MA	7M;JNO<BcYb : 9$<U7{nc]h(tsnAfqstu
µfodtucYnA}.aiF® eM®1ZﬀAO>$4;W< SA|R>C9$?!NO>X:AG7J;MN<|RH;"4$A>@:A:93<U7Lc®´6ir~tsnirbxtuoEoxi1irnOoxtubxi
fbxe]¤hirnOo }©oxbd¤Avwox¤bdi5codi5¸Firbx«|fnA²fbdi5oR~OAiﬁfY}"6&8+1 3CB-0®
ZﬀAO>$4ﬂ9¾` ;W< S 
ZﬀAO>$4;W< S^{feYirnpoa  +.S@: B-0c|Fodi






8 BPI I O&023C8+6913CB-0vwq¬f]}x}w|¥·Mtªv¶q¬f«Airq¬}ﬃodiﬁodMirh(iF|WtsnAvwqs¤AOi}5tun-Afbxodt¬vw¤qªfb
ir±Mfh(Mqui}ﬃcﬃqstuneY¤tª}Rodt¬v²vwcYh(h¤Mntªv¦foxtuc]n¾|E}©¤¨v fY}À4ﬂ9$<=793<ﬀBC9cg|6fnA e]irog}tuog}
}©i
hﬁfnpodt¬vvwq¬f]}x}"6&8+1 3CB-0 bxc]hoxi ;W< S}©¤Rn(±{®












ZﬀAO>$4ﬂ93>  ^Aodirhi	a/8B.I I O&023C8+6+1 3CB-0c|F}RirhTa  9.S@: B-0c|
























































ﬀﬂﬁﬃ	 !"$#%&'()*#$+	ﬁﬃ", 	ﬁ.-/	 ,01# r
	  



















odMi 8 B 021=6 3C0&.SvwqªfY}d}tª}WhﬁfYOi¤ﬃcAncY¤nA}bdiwirbxbdtsneodc1c]«Riv¦o}·cF}Ri!¤nAv¦












nOoO^ 3C0 :<1NLOI.+021=6-A341 5U|Aodirhi	^ 2L2Cc®@´6t¬}¹bxiOt¬vrfoxi
tª}5}©Aiv¦tªfqstuµri	fYvrvwc]bgOtunMe²odc¯odio©~pAicf]vwoxtucYnodAfoﬃoxi(tun¨}©odbx¤h(irnpo
irqsA}odc­i












tª}WAirbRc]bdhiU^ W B. +A 6&8.   ÅN> UafeYirnOoO^  +.S@: B-0|wqucpv
fodts¸Fi	^W B..Z










vwi}x}C^ -B-B.M&:  BCN:À: 9$>BX;MAW; l9afe]i




















!"+ "%'!"ﬃ .1{Mq_yL¥.y " ﬃ !"+"%'+/
¸®­@±_¯¬ ´ﬂ®@¸














hﬁfnpodt¬vGqstun¼odcc]oxirbncY¤nA}w®PcYbir±fh(qsiF|ZﬀA>O7    UNM9Áav¨fbfYvwodi
bdtª}Rodt¬vc
odMivwq¬f]}d}  76.(1:|¥iF® e®ªK AMA<ﬀB89A>@:c|   UNM9BCN:[ZENO<U9$<=7[avwqªfY}d} 6.(13<Q<6&891E|
iF® e® 









6.=1 3<Q<6&891  : A	H 9MN?Lac]«Riv¦o^;6P(1 3<Q<6&891 |}Rc]¤bgvwi	^:EO
 
: 1=6 0 8.gcªa×i® e®
A<=7J; ,;"487A:b;<U9Z; Jc










ﬀﬂﬁﬃ	 !"$#%&'()*#$+	ﬁﬃ", 	ﬁ.-/	 ,01# 
:EO
 
: 1=6 0 8. IBCNO<4C7M;!7@F,79_a}©cY¤bvwiG^<:EO
 




: 1=6 0 8. IBCNO<4C7M;!7@F,79_a}©cY¤bvwiG^<:EO
 
:<1(6 0 8. |rcY«RivwoO^ 6P(1 3<Q<6&891Ec=a×iF® e®
ZﬀA_487J>L6 UN	Fl>Cc





@.  @.+: .+021=6+1 3CB-0 I>C9XZ\>C984$9$<U7@a×±=^%@.  S@.9: .+0@1(6+1 3CB 0 |F~=^ ca×iF® e®R4ﬂ9$< 
79$<gBC9VZﬀAG7X793>X< ,ZE9AGBC9¿9$:TK J9$:5c




O21>.  BUAO>CAGB79$>@;  9³a×±=^ 6+11' 3
 

























tsirbfbvO~ a×t® iF®h ftunMqu~ﬁodi³ncpOi}³}©¤«¨}©¤h(iB«p~²odMivrfodireYc]bdtsi}6
 
:<1' 6&8LZ

















tª}vAfbf]v¦odirbxtuµri{|]irnAv¦i#oditunpodirbxbdirogfoxtuc]ng^ HR984  U9$;S =7  bxiOtªv
fodiG^ B,UA 






















*ﬂ+1sMw8}1vz!y "ﬂ# "#&+ "!$ﬂﬃ
ﬃ
·X­


































fnA²oxi}©oxi(c]n*fqstª}©oc1 (}©i  ¤i
nAvwi}6bgfnAOcYh(qu~t¬v¼Fi¤Bbxc]h>fq¬fbxe]i³vwc]bx¤A}





































































: 1=6 0 8. 	¶`  6.=1 3<Q<6&891 	 >bxiOtªv
fodiG^ﬂ: A	H 9MN?Lac]«Riv¦o^ 6P(13<Q 6&8+1E|
}©cY¤bv¦i	^+:EO
 
: 1=6 0 8.gc
F®:EO
 
: 1=6 0 8. 	 ` :EO
 







	 `  6+1 1' 3
 




	Â` M .;?&3C8 . 	  bdiOtªvrfodi	^R?!N>OaQOir¸ptªv¦i	^;M&.;? 3C8.§|pe]cfq!^{Ædc
 O®1Æ
	 ` 8 B 021=6 3C0&.S 	  bdiptªvrfodi	^EBCN<=7AO;<ﬀatunA}Rodbx¤h(irnpo^+8B-021=6&3C0 .SE|
odMirh(i	^pÆdc
Y]®1Æ






	 `  -0&B'WﬃA(.SM-. 	  bxiOt¬vrfoxi	^UARK N	F/7Xa×¼pnc·quiOe]i	^ -0&B W A(.SM-.|
odMirh(i	^pÆdc

jO® 3C0 :<1NLOI.+021=6-A341 5 	` "6&8+1 34?&341 5 	  bxiOt¬vrfoxi	^ﬂZE9$>@?!N>X: a×tun¨}©odbx¤h(irnpo^











9$>Oa×oxirh(i	^	9AO>7&  F A ,9c
«®bxiOtªv





aQvwq¬f]}x}8 BPI I O&023C8+6913CB-0c5fn¨ oxiﬁc]oxirbﬃoxcodiﬁh(ifntsne5;<48F>CAO<ﬀBC9






9A>O7&RF A ,9tª}Oi¦yAniﬁf]}1f 026+1'O 6 A  SK&.+0 B.I.90&B-0®
MEﬀ"
 		
ﬀﬂﬁﬃ	 !"$#%&'()*#$+	ﬁﬃ", 	ﬁ.-/	 ,01# O
Ê6c]ox tunpodi



























O®  Å99 ,9$<ﬀH¾4 JA$6/;< S 4  bxiOtªv






























c]oxirb·tsod5odiEifod¤bxi-3C0&: 1NLOI.+021=6 A 34156®¦mQnOoxirbdMbdirogfodtsc]nA}EaQf	c{fnA%a×«Uc{fbdi
tun¨}©ofnAvwi}6cEbx¤quikfnAﬁtunp¸Fc]qu¸Fiif]vBi
nOoxbd~c½odi5pir¸Firbd«¨fqQ®pÊ6i}RtªOi}w|}RtunAv¦i





























bd«Afq 	 ` 1Æ
	
K AGB =F1Z  Å9A8ZEN< 
bxiOtªv












]® K F	 J9_7EBCA_4L;< S 4 DbdiOtªvrfodi	^RBCN 
9$>Oa×tun¨}©odbx¤h(irnpo^_BCA³4;W< SA|]oxirh(iG^RK F	M9_7c
´6i·6cYb BCA³4;W< S8tª}qstª}©oxi¶oR·t¬vwi²tsnJodiqsir±Ot¬vwc]n¾|½yAbg}©oﬁfY}ﬁf 8B2? .S
aTxodicY¤odirb¯vwc¸Firbxtune.c]bc]¤A}Rtune8c=}©cYh(iroxtune V cfnA }©ivwcYnA f]}ﬁf
8 B-0&:<1' O 8+1 3CB-0 aTxodi.irnAv¦qucF}Rtune.bfhifbxc]¤n¨9f-OcFcYbBcYbﬁ·tunAOc·
c]Airntsne%V	c®1Æc-bdi
qªfoxtucYnJtª}ﬁfr¸]ftuq¬f«qsi«­i
o©·UirirnJoxinc]¤Mn K F	 J9_7³fnA
odi¯}Rivwc]n¨ h(ifnMtune¯c³odiﬁ·Uc]b B8A_4;W< SA|·t¬v-tª}odp¤A}Otª}xvrfbgOiW®
´6i#tsnOoxirbdbxirofodtsc]nc:odi5v¦c]h(Ac]¤MnATK F	 J9_7BCA³4;W< SR4tª}!oxO¤¨}6«Af]}Ric]n








O®  ;  F NO>¿K N	7@7 M984 
bdiOtªvrfodi	^UNH,a×tsnA}©oxbd¤hirnOoO^K N	7@7 J9|odirhi	^  ; RF NO>Cc
bdiOtªvrfodi	^R:A	HR9JNO?La×cY«Rivwo^=K N	7@7 M9|A}©¤«¨}©ofnAvwi	^ W; RF N>8c
MEﬀ"
 		


















































jO®>F,H/H 9$>¿BCNO<U7M>CN4  bxiOtªv
































]®¾H 984 U93;*S =7 >bxiOtªv
fodiG^B,UA>8A	B7L9$>X;  9_aQfodoxbdtu«M¤odi	^U9$;*S U7x|wirnpodtsoR~U^_H 984 c








O®¾BCA:%ZﬀA;S	<:NG7X7LN >bdiptªvrfodi	^ARK NGF,7Xa¼Onc·qsiOe]iG^Å:NG7X7LNF|woxirh(iG^BCA: 
ZﬀA;S	<Uc











89346 A .;?-.+0@1  Tfbf]v¦iﬃ«AiroR·6iri
n²v
fnAOt¬foxi}6c]b1irquiv¦odtu¸Fi1c1n vwiEVp| : B.Z








jO®  ÅN	NRH5A_4=984  bxiOtªv































m×·6i5irqstuh(tsnAfoxitsnAf]vrv¦¤bfodi³}©i	 F¤irn¨vwi}a ﬀ>OF,H 9YZ>@;!BC984  N	NG7N	N	7g4C7@F,H;M984.4$9$>X;M984ﬂc
fnAqui






















ir±Mfh(MquiodMincY¤n¶>8A;bxiwirb}#oxc²odMi(vwq¬f]}x}: B-89346 A .B.O   aTvwcYh(h(irbgvwtªfq









































qªfodtucYn A K N	F,7·tuqsq¥«AifY}d}©tse]ni oxc²fquqv¦c]h(Ac]¤MnA}tsn·tªv²oxiifY «Airqsc]ne}koxc
odikvwqªfY}d} -0&B WﬃA=.SM  .§|Y}©¤¨vf]}H;"4$A>X: A:9$<=7,Z>CN8S	>CAO:|BCA_4L;<UNª;"4@4CF 9|BX;W>BFG4V7J>8A	

































 B@6PM 8+6-:<1 aTxh(i}x}dfeYiﬃoxAfo#t¬}
7J>8A<4L:À;!7@79_H¾KC6ﬃbgf]Otsc#c]b:odirqsir¸Ot¬}©tsc]nSV	cAtunodMi6tsirbfbvO~F®
É#}Ef1vwc]n¨}©i	 F¤irnAv¦iF|]}RAivwtzy­v
AfoxodirbxnA}aQ}R¤Avﬁf]}  1' 6 0&: I3C: :<3CB-0	I` 
 



































nOo³odirh fodt¬vbxc]qsi}Àa×iF® e®YBCAG7X7 J9ﬃ?!99³H;< S.¸M}ÀBCNO>X<
?!99_H;W< S,c|2 ] ®











































































bEodc=f: B-89346 A Z.B.O  Àavwc]¤Mbdodx  Tfn¯fY}d}©i
h«qs~5odcv¦c]nAO¤¨vwo











































ﬀﬂﬁﬃ	 !"$#%&'()*#$+	ﬁﬃ", 	ﬁ.-/	 ,01# ]






*!*46  4  "10ﬁ,., 
 *' 'ﬃ54U¶ E546,.465Eﬃ?
!( ,.4G	r,
ﬃ">E  :465!ﬂ =  &"E,-ﬃ#-
146,-46











  	  ﬁ  
ﬀ  $
	 +	 2  ';
	*  ﬂ ﬀ  
	
 ﬀ 
ﬀ"#   ﬀ 































¸Firbd«Afq!^ J9 JNlA	H;W< S ,Z\>CNCSG>CAO:À:9$>>C9  F 9ﬂ4C7 J9¾BCNO:[Z; J9$>
e
Oir¸Fi


































	  J9¾4!64879$: cYbU;4|Z NRKC9_B74
fbxiﬃtsnA}©ogfnAvwi}6c½f¸Firbx~(v¦c]h(h(cYn¨fodoxirbdn¯tun(oxi5odir±por®




ﬀﬂﬁﬃ	 !"$#%&'()*#$+	ﬁﬃ", 	ﬁ.-/	 ,01# jO
 

(ÀF×À" rÀﬂ¶  ­¡ RÄA	- OÄ  RÄ( ¡FÄ­ÄA W¢WÀﬂ5× pÀOÅÃ³ÄA 
"Fofodt¬}©odt¬vrfq@odivnMt3 F¤i}fbxiﬃbdi	 F¤irnpodqs~(¤A}RiBoxc(bdiroxbdtsir¸Fi5quir±ptªvrfqWtsnOc]bxhﬁfoxtuc]nﬁbdcYh





























































ﬁ*,$#&%   .











ﬂ% "ﬁ ."ﬃ ﬁ +"%

























fnA8Ê6c]¤bxtuef¤qsoTf É#Ê]k1}©Mc· oxAfo}©irh fnpodtªvvwq¬f]}d}Ri}}©¤¨v+f]} 8 B-0&0 .+8+1 3CB-09cYb






























]® 6 023<I 6 A ` 6-0@3<I 6 A  6 023<I 6 A >8984ﬂ93:TK W;< S 6-0@3<I 6 A
O®
 
BPM 5  76P(1%` 0&B-0 Z8 A=B 1'K@3C0  0 B-0Z 8A(B&1'K@3C0 À7%UA	7,;4NCZE9$>CAG79_H KO6	,FG4ﬂ9_H
N<
 
B.M 5  76.=1¶aJ?!N	NG7ÅZE9_H A Q|UAO<ﬀHÀ4$NACZ§|,<U9_B K1>CAGBC9c
jO®








bd¤qsi}C^odMi!MbdiOt¬vrfoxiV>8984ﬂ9$: K M9Wt¬}§ncYoEfvAfbfYvwodirbxtª}Rodtªv@bdirq¬fodtsc]n³cAoxi6 023<I6-A#v¦qªf]}x}
a×oxi³OiwyAntsodtsc]nﬁc:odi³vwq¬f]}x}6 AW; 

















































































 M9NCZE9$>8A	7M;JN<\4C^Ea×c]Airbgfoxtuc]n¨}w| y¨quic  Tdc]Airbgfoxtuc]n¨}dN<¯odi#yAqsiEV




BCNO:[Z; J9$>  ÅAO>X<,;W< SR48^ﬀaQvwcYh(tuqsirbr| ·fbdntsne c  TdtuoUtª}bdifY}©c]n¨f«qsikcYb6oxi5vwcYh(tuqsirb
odc59$:À;7¥f·fbdntsne%V
 M9b4|6\4C793: ;W<U7L9$>X?!AGBC9_^a°yAqsi}©~M}©oxirh|@tunpodirbRf]vwic  Tgf}©ogfnAMfbJtunpodi
b©f]v¦i cYb












vwc]h­cY¤nA aªc]b1ir±Mfh(qsic]bodi=vwc]h(AcY¤nAB8N:[Z; J9$>  A>X</;< S 4C^/Tx·fbxntunMeF}ÁH 9 
?!9$>X>89_H«O~odi³vwcYh(tuqsirb	V	c®
o%*LÄw8{My{JqlŁ${V{Mq_rtsYz!w81sM{MvJ}lz!{Jr¤wC5rts¢w8vM1r)~1~yL% ﬀrt{Jq_rtﬃ{Mq_y¡8y_yLvŁﬂ{Mrt©8y.¢Wv!Ł$¥.yL =wCvM«	vJrt¥sMqŁX 












ﬀﬂﬁﬃ	 !"$#%&'()*#$+	ﬁﬃ", 	ﬁ.-/	 ,01# j]
º.inc·&}R¤e]eYi}©o³c·&odi}Rirhﬁfnpodt¬vr}cnMc]h(tsnAfqv¦c]h(Ac]¤MnA}#hﬁfr~ﬁ«­iof¼Firn
tunpodcfYvrvwc]¤MnOotsnBoxi5odir±potun¨Oir±ptune³of]}R¼W®
/  ) '( ﬀ"' +ﬀ   2 +	  	    +	  *+ﬀ
	  &ﬀ") *  '; 
	 * @' ﬀ*ﬂ ﬀ"#	$ &ﬀ"

























  ". +,

."("!%Tu_}1¥u
­X°¤® ¬ $µ ¬
 ·L·!®Ä¬ $µY¬









¬l°t¯X¸W´$± ¬ $µ ¬































ifY nMc]¤nﬁ¸ptª}©ts«qui® "c]h(if]}x}©cpvwt¬fodtsc]nA}1fbxi5if]}Rtuqu~pirbdts¸Fi=bxc]h·¨fo·6i¼Onc· c
odi·6c]bg ZEF:%ZE^]tuoUtª}fn fe]i



















iF® e®UA;W>VZEF:[Z  abdiptªvrfodi	^	ZEF:[ZEatunA}Rodbx¤h(irnpo^1ZÄF:[Z@|FodMirh(i	^,A;W>Cc@c
 6&8913CB-0 ` ZÄF:[Z  a×bxiOt¬vrfoxi	^(6&8+1 3CB-0a×tsnA}©oxbd¤h(i
nOoO^1ZEF:[ZgcXc






.+891¶` ZEFl:[Z  bdiptªvrfodi	^R:A	H 9 JNO?La×c]«Rivwo^ZEF:%Z@|OAfbdoO^+B
 LR
.+891c
iF® e® S,9OA>VZEF:%Z  bxiOtªv























































































k 1c]¤A}x}©irh É#}x}dfYOtfnA *t¬Otuirb Ê6c]¤bxtueFf¤quo
® É#v F¤tª}Rtuoxtuc]n8iroﬁh(cp#irqstu



















br®W£1nodi Æiri#c]baEbgfe]h fodt¬vr}¥tsnﬃodMi "Fod¤Ap~ﬃc¾ÆcYh(tun¨fq
ÈcYh(Ac]¤n¨OtuneM®/	C,g X(	ﬁﬃ"ﬂ#¦|AjR^ Fp O|E
 p®






f *cYnj]_k *³® Ê#®=hv *c]nAfqªW®,0  X#8!	,0	"l(  	ﬁ.-/	R,01#¿+¿	R #¦®³aE(* oxi}Rtª}w|
ÈUfbdni
e]tui¾h²irqsqucYn 1ntu¸Firbg}©tso©~|rlj]O®
f *c·#Yk a:fh(irq¬f1*c·ntsne®6£1nﬁodMiÈbxifoxtucYnfn¨ }©i5c½»Ene]qstª}©.Èc]h(AcY¤nA
Æ1c]¤nA}¦®Ä	(	R( |AYj a×Rc$^¤jORjF|ÉMbdtuq:rF]F®
fiP¥tsnj_k ´6tsh(c]oxO~ﬁºJtsqu¼ptunebP¥tunMtun®³´6i "Firh fnpodtªv³mQnOoxirbdbxirofodtsc]n²c1ÆcYh(tun¨fq
ÈcYh(Ac]¤n¨}w®UmQn  @1  ﬀ

 X#8$	ﬂ_ $8,C 
|rljp®
fiP " k È ivwtuqsi%P­f«bdi fnA-aEfY}dvrfqui!" ir«tsququcYor®ﬁmQnpodirbxbirogfoxtuc]n }ﬂi
hﬁfnpodt& ¤ipi}


























 J(	Rﬁ[8 U\)8 8!ﬂ®RhmR´.a½bxi}d}¦| ÈUfh«Mbdtªpe]iF|Yr]p]®












Ã"(	R*#8")ﬂ R C|Ww/aQ	c$^ YO*pjY|Erlj]jp®
MEﬀ"
 		
ﬀﬂﬁﬃ	 !"$#%&'()*#$+	ﬁﬃ", 	ﬁ.-/	 ,01# j]
fihfb$jlk »Eq¬ftunMiVhfb}R®]É ÈcYh(¤ogfodtsc]nAfqFÉn¨fqu~M}©t¬}Wc{Èc]h(Mquir±1ÆcY¤n³aEbfY}©i}
tsn¯Æ#fr¸O~bh²i}d}xfeYi}w®UmQn  @1  ﬀb  % X+|OAfe]i}1Y jp|rj®














"/!	 $¾0	 X	$	*#ﬃ$	R8ﬁ 
-/ @	"  ﬂ@ﬂ @ﬂX# l"$ J#  ﬂﬁﬃ	 !O\X# g®aEbdi}x}©i}5Oiq$ nts¸Firb}Rtuoi5Oi
h²cYnOoxbifqQ|{rj®




h fnpodtªv:´§ivnt& ¤Mi}¨cYb!ÈcYbd¤A}:ÉnAfqs~}Rtª}¦®ﬀ 	ﬁ.-= "	, Ã"(	R*#8"ﬂ#¦|

 a c$^ j]jp pjYj|E
]YjO®
f aE¤A}xOCk Ffh(i}1aE¤A}©oxidRc¸}R¼O~F®1´6i 1irnMirbfodtu¸Fi³ÇWir±ptªv¦c]n®% 	ﬁ.-=	!"	, Ã"
(G *#8"ﬂ#¦|@	a cg|¥
]OY®




-.@_	ﬂ%! l"$ 3!"		#$/i-,#¦®aE(*9odMi}©t¬}w| nts¸Firb}RtuoR~5c@a@irnnA}R~Oqs
¸Yfntªfp|r]YjO®
f ~Mk hfbd~-»Eqsquirn G~MOirb
® ﬂX0  $@0¶ /	1#

"ﬂ L |-.$$!"	 [&'()*#$
+	RJ+	   	ﬁ.-/	 ,01#¦® 1ntu¸Firbg}©tso©~c6ÈUfqutŁc]bdnMtªfaEbdi}x}w|@rY®
f "Fi
«A]j_k a:f]}dv
fqui "ir«tuqsqucYor®" irhﬁfnOoxt3 F¤iOi}Evwc]h­c}ﬂi}@fnMe]qªftª}Y^YfbxcpvMie irnﬁi

bgfoxtu¸FiF|qutsh(tuoxi}­iro½fqstªvrfodtsc]nA}¦®AmÐn  @1  

ﬂﬂO 8ﬁﬃ!,$ E	(	,




q"j]_k »Eqstª}df«Airod "Firqu¼ptubx¼W®@´6i "F~pnpof±cºJcYb}¦®
ﬂ
  ﬂ@#$#¦|Wrlj]p®
f "FMblk tªvAfb "FMbdcFfor®»EneYqutª}R¯Æc]¤nMQaEbgf]}©i³É#v
vwirnpo6aEbxiOtªv¦odtucYnc]b1´6i
±Oox







f "	mkk ºJtsqªvwc ﬃ®¾´§irb "Fofq6fnA.aEf¤q½»G®=m6fn *1irbmiror®³´6·6cY×qsir¸Firq "FirhﬁfnOoxtªv
É1nAfqs~}Rtª}cÈcYh(Ac]¤nAM}^UÉ vrf]}Ri}©ox¤AO~-tun8qutsne]¤t¬}©oxtªvirnMe]tunMirirbdtsne®
mQn 1ntu¸Firbg}©tso©~ﬁc 1bdcYntunMe]irn|@iOtsodc]b






Unite´ de recherche INRIA Lorraine, Technopoˆle de Nancy-Brabois, Campus scientifique,
615 rue du Jardin Botanique, BP 101, 54600 VILLERS LE` S NANCY
Unite´ de recherche INRIA Rennes, Irisa, Campus universitaire de Beaulieu, 35042 RENNES Cedex
Unite´ de recherche INRIA Rhoˆne-Alpes, 46 avenue Fe´lix Viallet, 38031 GRENOBLE Cedex 1
Unite´ de recherche INRIA Rocquencourt, Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex
Unite´ de recherche INRIA Sophia-Antipolis, 2004 route des Lucioles, BP 93, 06902 SOPHIA-ANTIPOLIS Cedex
E´ diteur
INRIA, Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex (France)
ISSN 0249-6399
